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ABSTRACT

Purpose: Different travel behavior, particularly the choice of commuting modes,
will have different impacts on students. On one hand, it has been suggested that active
commuting (walking, cycling, and taking transit) will add routine daily exercise.
Moreover, health benefits (improved cognitive function and reduced anxiety) from
physical activity might increase students’ academic performance.

Nevertheless, too

much physical activity may reduce the time for students to study. Travel time may
shorten study time, and study time has been identified as positively contributing to
academic performance.
Considering that there is limited research examining travel behavior and academic
achievement of university students, this field is worthwhile for further study.

The

purpose of this study is to explore the relationships between travel behavior and academic
performance among a sample of university students.
Methods: One hundred and nine (109) students from Clemson University were
recruited to complete an online questionnaire asking about their gender, school year,
travel behavior (travel mode, travel time, travel distance), social time, study time, height
and weight, late-to-class frequency because of transportation, travel-time reliability,
stress level, and academic performance (high school GPA, SAT, GPA). These potential
variables affecting academic performance were identified through theory and previous
empirical studies.
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The author used a path analysis model to test which variables are most crucial in
predicting academic performance. In this study, GPA was the outcome variable, and
other variables were causal variables.
Results: By analyzing the models’ direct effects, indirect effects, and total effects
in Stata 12.0, only six variables were found to be significantly related to GPA. Students
were more likely to receive poor grades if they did not carpool, had a high late-to-class
frequency because of transportation, had a low reliability of travel-time, had a high body
mass index, had limited time engaging in exercise outside of that related to travel, or
were undergraduates.

I hypothesized that travel behavior might influence academic

performance through two major intermediate variables: physical activity and study time.
However, study time did not show a significant correlation with GPA. This might be
because of the small sample size.
Conclusion: In this study, some aspects of travel behavior (carpooling, late-toclass frequency because of transportation, reliability of travel-time) are significantly
associated with GPA, whereas other travel behavior (travel modes excluding carpool,
travel distance, and travel time) is found to have little association with GPA. In order to
improve the academic achievement of students from Clemson University, the most
effective strategies might include increasing the number of apartments near campus,
adding to the number of the bikeways and sidewalks, and providing additional fitness
facilities or exercise classes.
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CHAPTER I
INTRODUCTION
Automobile technology has been both a cause and an effect of more dispersed land
use (suburban sprawl). This has resulted in longer travel distances to destinations, and as a
result of this auto-dependence people have changed their travel behavior gradually, not
excepting students.
University students are a particular social group with unique travel behavior: they
have much more freedom than the working group with their irregular class schedules,
spend much less time in class than high school students, often live on campus, can drive,
and have more socialization commitments in the campus environment. At their age, they
would make more irregular trips because of their heavy socialization and their
interdependency on each other (Limanond, Butsingkorn & Chermkhunthod, 2011).
Moreover, university students come from different backgrounds and are exposed to
an environment with mixed and various interests and innovative ideas, which make them
more willing to change. Because they are young and adaptable, a built environment that
will promote walking and biking may encourage them to walk and bike, and later on,
when they are older, they would more likely to engage in this healthy travel habit
(Limanond, Butsingkorn & Chermkhunthod, 2011).
Also of importance for students is academic performance, since it directly relates
to training and employment opportunities (Plant, Ericsson, Hill & Asberg, 2005) and is
meaningful to students, universities, and employers.
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Students with higher grades in university potentially have good internal reliability
and temporal stability (Poropat, 2009; Bacon & Bean, 2006; Kobrin, Patterson, Shaw,
Mattern & Barbuti, 2008), thus, they are more likely to be employed, earn higher salaries,
and are less likely to be involved with criminal activity compared to students with poor
grades. Graded Point Average (GPA) is a commonly used indicator of academic
performance.

1.1 Research Design
This study examines whether there a relationship between university students’
travel behavior and their academic achievement. If the correlation exists, which variable
about travel behavior contributes most to GPA? A causal study establishes associations
between variables. The research hypotheses of the author regarding travel and GPA are the
following:
1.

Travel behavior impacts study time (e.g. longer commute time will shorten study

time). Moreover, the length of study time influences GPA, thus travel behavior impacts
GPA.
2.

Travel behavior, especially travel mode choices, has different effects on the health

(represented by body mass index (BMI) in this study) of students, because of the amount
of the exercise that each mode requires. In addition, a lower BMI causes a higher GPA.
As a result, travel behavior influences GPA.
The research design will be used to answer the following questions:
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1.

Is there a relationship between travel behavior and study time, and can longer

study time lead to a higher GPA?
2.

Are there any associations between travel behavior and BMI, and can a lower BMI

result in a higher GPA?
3.

Is there a relationship between travel behavior and stress, and can lower stress

cause a higher GPA?
4.

Is there a correlation between travel behavior and late-to-class frequency, and can a

lower late-to-class frequency cause a higher GPA?

1.2 Setting
Clemson University is located in the town of Clemson, South Carolina. The
climate is mild. In the summer, it is pleasant to walk or cycle for a short distance at most
times in a year while in the winter, students can still walk or bike to school since it is not
too cold. Moreover, there is a 200-foot gap between the highest and the lowest elevation
of the main campus (Clemson University Master Plan, 2002). Cherry Road and Perimeter
Road are two major roads with a hilly topography (Clemson University Master Plan,
2002), which might make riding a bicycle harder than other places (these two roads are
mainly for vehicle trips; they do not have bikeways). Besides these two places, cycling to
school is relatively relaxing.
Transportation services available at the Clemson main campus include the
following: Clemson Area Transit (CAT), the express bus shuttle from the Greenville CUICAR campus to the Clemson main campus (Greenlink), biking, Zipcar (car sharing),
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Zimride (rideshare matching program), LEV (employee parking permit with low-emission
and fuel-efficient vehicles), Tiger Transit, and bike lanes.
Driving: As Figure 1-1 shown, students in Clemson University can drive to
campus smoothly, since highways and the streets network make driving convenient.
Commuter parking lots are along Perimeter Road, so students can park their cars on the
periphery of campus and walk to their class. Parking is not extremely expensive. Thus,
students may find alternative modes might not be as convenient as driving.
Figure 1-1. Transportation System Map of Clemson University

CAT Bus: This service offers four free on-campus routes and regional routes to
Anderson, Central, Pendleton, and Seneca, which makes traveling to grocery stores,
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convenience stores and off-campus apartments possible. However, transit comes every 30
minutes on weekdays (during peak hours, express buses are added from most student
apartments to campus), and every hour on weekends. Waiting time can be long, plus the
meandering routes cause long in-vehicle times (see Figure 1-1), both of which might make
taking transit time-consuming. The CAT buses also provide bike racks on the vehicles if
you would like to combine transportation modes.
Tiger Transit: This is a service which will pick you up and give you a ride within
the campus area after you contact it. Tiger Transit serves all Clemson University students,
faculty, staff and visitors providing door-to-door service to and from any location on
Clemson’s campus. Tiger Transit is operated under the direction of the Division of Student
Affairs by the Student Patrol, a student organization affiliated with the Clemson
University Police Department (CUPD).
Zimride: This is a rideshare program which connects inter-city drivers and
passengers through social networking either on the Zimride website (www.zimride.com)
or Facebook. Students can post their destination and time on the website and wait for
partners or search for a similar trip. The private network makes it easier for people to share
rides to and from campus and elsewhere, thereby reducing traffic and parking congestion.
Clemson is the first college or university in South Carolina to use the car share matching
program.
Carpooling: With the shortage of parking spaces worsening, the parking service
encourages carpooling to reduce the private-vehicle trips. Carpool students with a valid
carpool parking permit might find a parking space much more easily compared to students
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with a normal commuting parking permit in most places on campus. Students who carpool
using the same vehicle may live close to each other and share a similar class schedule. In
order to share the ride, they have to coordinate their schedules with each other.
Bikeways and Racks: Clemson University continues to expand the bicycle
infrastructure across campus ever since the 2007 Parking and Transportation Master Plan.
Since the summer of 2013, the major roads across campus have been painted with
bikeways and bike lanes signs. An integrated network of bikeways on interior campus
roads is being constructed and it will help bicyclists travel around the campus along
preferred routes, arrive at destinations with an increased sense of safety. Moreover, a bike
rack inventory was completed and new racks and lockers were located in planned places.
The Bicycle Design Guidelines contain updated standards for preferred bike rack types
and placement and guidance for long term bicycle parking. In addition, Clemson Outdoor
Recreation and Education (CORE) provides students bicycles to rent in order to give the
Clemson University community more opportunities for convenient and sustainable
transportation.
The bicycle path network, even though it has been greatly improved in the past two
years, does not adequately cover the area students mainly cycle to school (see Figure 1-1);
thus, many students have to ride their bike on busy roads.
Walking: Calhoun Courts, Thornhill Village, and Lighsey Bridge are located on
east campus, all of which are apartment complex houses within 5 to 10 minutes of walking
distance. Freshmen must stay on campus, and upper-class students are able to live offcampus. In conclusion, the Clemson area is a highly automobile- dependent, low density
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city with a limited transit service and bikeway network, though there are numerous dorms
and student apartments from which students might walk to campus.
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CHAPTER II
LITERATURE REVIEW
To review the literature on the links between travel behavior and academic
performance of university students, the author examined several studies that focus on the
travel behavior of university students, and identified transportation factors that will affect
students’ academic performance. These studies are summarized below. This following
literature will provide an overview of prior studies about university students’ travel
behavior, time and distance from universities, study time and social time, physical
activities, stress, anxiety and academic performance.

2.1 Academic Performance
Since Grade point average (GPA) is the most commonly used indicator of
academic performance, the author uses it to represent academic achievement in this study.
Many universities set a minimum GPA that should be maintained. Therefore, GPA still
remains the most common factor used by the academic planners to evaluate progression in
an academic environment.
Moreover, GPA is the key criterion for postgraduate selection and graduate
employment and is predictive of occupational status (Strenze, 2007). As such, it is an
index of performance directly relevant to training and employment opportunities (Plant,
Ericsson, Hill, & Asberg, 2005) and is meaningful to students, universities, and employers.
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GPA is also an objective measure with good internal reliability and temporal
stability (Bacon and Bean, 2006; Kobrin, Patterson, Shaw, Mattern, and Barbuti, 2008).
GPA is not without limitations, with questions of reliability and validity arising as a result
of grade inflation (Johnson, 2003) and institutional grading differences.
Gender has influence on GPA. In general, female students in college/university
achieve higher grades than male students. Several explanations could be the following: 1)
women tend to turn in assignments more punctually than men; 2) female students appear
to have higher attendance in class; 3) when doing assignments, female students have an
advantage in the neatness of reports and papers; 4) female students seem to have a
favorable attitude (Hartnett, R. T., & Willingham, W. W.,1980; Caldwell & Hartnett,
1967); and 5) female students, on the average, have higher emotional intelligence, which
lead to better communication with college instructors (Hartnett, R. T., & Willingham, W.
W.,1980; Singer, 1964) etc.

2.2 Travel Behavior
Travel Mode Choice
Mode of travel to school is a vital element of travel behavior. Walking, cycling,
and taking transit are identified as active commute modes since they involve walking or
cycling at either end of the trip.

A substantial number of universities have been

implementing strategies to create an active commuting culture on campus by reducing the
convenience of driving and raising the cost of parking (Toor & Havlick, 2004).
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In this study, students’ modes are primarily driving alone (SOV 1 ), carpooling
(HOV2), taking transit, taking a motorcycle/moped, cycling, and walking.
The location of a university will change students’ modes.

It is normal that

universities in an urban area will have a higher percentage of commuters using alternate
modes; on the other hand, rural universities will more likely have predominantly cardriving students. So, it is to be expected that Clemson University has large share of
students who drive cars.
University infrastructure and facilities affect students’ mode as well. A study
undertaken in 18 cities in the US has shown that there is a strong association between the
provided bikeways and the percentage of commuters who ride a bicycle (Nelson and Allen,
1997).
Delmelle (2012) explored gender differences in transportation modal choice among
student commuters of the University of Idaho, and he found there was a difference in
bicycle use between genders and depending on seasons: males rode more than females,
and in unfavorable weather and seasons there were more students driving alone than using
other modes.

Travel Time
Travel time is the total amount of time commuters spend on the trip, from the
origin to the destination. In this study, travel time of students refers to the length of time
from students’ apartments/houses to the university. Travel time has been identified as the

1
2

Single Occupancy Vehicle
High Occupancy Vehicle
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most influential factor affecting travel mode choice, no matter how close students live to
the university or how short a distance they travel (Shannon, 2005).

Travel Distance
Congleton (2009) examined the average distance from campus by transportation
mode in UC Davis, finding that walkers generally lived within one mile of campus,
bicyclists and bus riders had averages of two miles, and single occupancy drivers and
carpoolers live two to twenty miles away. Similarly, Zhou (2012) found 20 miles to be the
boundary between driving and transit in UCLA. Students living off-campus at a distance
of 20 miles or greater were more likely to drive. Transit riders, those who chose other
non-motorized modes, mainly lived within 20 miles of campus.

2.3 Travel Behavior and Physical Activities
Apart from other physical activities students might do (e.g. go to the gym, run
along the roads, etc.), walking and bicycling to school will add a small amount of routine
daily physical exercise for students.
Villanueva et al. (2008) did a research at an Australian university in 2006 trying to
examine how transit contributes to daily walking (number of steps) by recruiting about a
hundred students who wore a pedometer for five contiguous school days. They concluded
that transit users can achieve higher levels of daily steps than other modes except for
walking.
“Ten-thousand (10,000) steps per day” accumulated by various daily activities for
each adolescent is suggested in order to maintain good health (Hatano, 1993; Yamanouchi
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et al., 1995; Tudor-Locke and Basset, 2004).

In addition, to keep healthy for each

individual, a half-hour of moderate-intensity physical activity is recommended on most
regular days (Huang et al., 2003), which a considerable portion of university students do
not meet. Besser & Dannenberg (2005) mentioned that public transit could increase
physical activity since public transit trips begin or end with walking.
Tudor-Locke et al. (2005) examined how many steps normal individuals walk per
minute, and they found 10 minutes of walking translates to 1,000 steps-a moderateintensity physical activity. Other studies have shown that a short time of walking, even as
short as 8 to 10 minutes, may still contribute benefits to health. Moreover, McCormack et
al. (2003) found 29% of public transit users achieved 0.5 hours or more of daily physical
activities merely by walking to and from public transit. Villanueva et al. (2008) found that
university students using public transit are more likely to contribute to achieving 10,000
steps. In the same study, they found students who use public transit achieved an average
of 1,201 more steps than students who used private vehicles.

2.4 Academic Performance and Physical Activities
The amount of total time students spend on exercise is often mentioned in studies
as a way of predicting academic performance.
Day (2009) analyzed data from the California Department of Education and
concluded that there was a positive relationship between physical activity and academic
performance: exercise time helps to achieve high grades. Regular physical exercise can
help students deal better with psychological problems like stress, anxiety and depression

12

(Vail, 2006). Most importantly, Sibley, Etnier (2003) and Burton (2007) found improved
cognitive function which potentially related to physical activity causing better
concentration in class and outside class, thus resulting in higher academic performance.
There are numerous quantitative studies showing that physical activity will shorten
reaction time, improve memory span (Williams & Lord, 1997), and enhance long-term and
recent memory (Verghese et al., 2003).
There has been a controversy in the education field about study time, exercise time,
and GPA. Most scholars believe that study time has a stronger impact on academic
achievement compared to exercise time. As a result, in order to get funding, some public
schools have reduced physical exercise time for students, since public schools received
funding based on their academic performance (Day, 2009).
2.5 Study Time and Academic Performance
The total amount of time that students report studying has often been assessed as a
potential indicator of academic achievement in college/university. It makes sense students
should enhance their skills and knowledge by increasing the amount of time they spend on
studying. Moreover, it appears that if students want to receive better grades, they need to
spend more time studying. Is it always the case that the amount of time spent on studying
has a positive relationship with grades?
Previous studies have shown that study time and academic performance have a
more complex interrelated relationship. Rau and Durand (2000) examined students from
Illinois State University and found that the amount of study time was reliably related to
GPA (r = .23, p < .001) for their sample. They revealed study time is not always
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positively related with GPA in their study, since some students are “just like some
recreational golf and tennis players whose performance has not improved in decades of
active participation. The mere act of regularly engaging in an activity for years and even
decades does not appear to lead to improvements in performance, once an acceptable level
of performance has been attained ” (Rau & Durand, 2000). Moreover, Rau and Durand
(2000) also found there was no significant relationship between study time and GPA when
study time was below 14 hours a week. The true positive significant relationship appeared
when the length of study time was over 14 hours per week (about 25% of the ISU students
study that long period of time), whereas an average study time at ISU was 8 hours per
week.
Kember et al. (1996) did a study on all students enrolled in the Bachelor of
Engineering (Honors) course in mechanical engineering at a university in Hong Kong.
They used one-week diaries instead of other alternative methods since other methods
would require respondents to recall time spent on tasks, which would be difficult and less
accurate (Chambers, 1992). The students reported the week’s activities in the diaries
including events such as being late for class after being held up by the traffic and their
social lives. Kember et al. (1996) found that, even using diaries, the perceived work load
of students was amplified, so it could be a limitation if self-reported study time did not
accurately reflect the number of hours that students actually work.
Kember et al. (1996) compared private study hours to class attendance hours, and
found that the standard deviations for independent study hours are much greater than those
for class attendance hours. They also found students were only able or willing to spend an
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average of 50 hours per week on all study tasks, so if class hours increased, students
would accordingly decrease independent study time by the same amount.
When it comes to average study hours for university students, it varies greatly from
area to area. Kember et al. (1996) found mechanical engineering students in Hong Kong
work an average of 50 hours per week, including class attendance hours, whereas other
studies showed students in Europe normally work for 40 hours per week (McKay, 1978;
Voss, 1991). Schuman (2001) found that the students at the University of Michigan
reported an average of 25 hours study time per week, whereas Illinois State University
(ISU) students claimed only 8 hours per week, which would only be the independent or
private study time.
Different majors have different requirements for time spent on study. Schuman et
al. (1985) surveyed about five hundred students at the University of Michigan and found
that students with a premedical major normally work 3.9 hours per day, which was highest
in the study. Students who majored in natural science and social science work 3.6 and 3.2
hours per day respectively. Humanities students had the lightest workload which was an
average of 3.0 hours of studying per day.
Kember et al. (1996) found that a relationship between study time and academic
performance was not always positive in that the length of study time explained only a
small fraction of GPA. Moreover, they stated that study time to some extent increases
GPA, but students could still receive low grades with long study time due to the poor
study strategies they use. Hirinchsen (1972) found that the amount of effective study time
-- the amount of uninterrupted time spent on studying -- was a better predictor of GPA
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rather than the total amount of study time. Similarly, Allen et al. (1972) found the more
interruptions that students had while studying, the lower GPA they had. Plant et al. (2004)
examined the relationship between the amount of time spent on studying and other related
variables and students’ GPAs at Florida State University, and they found the quality of
study time is also as important as quantity of study time. It makes sense that if students are
given the same amount of time, the ones who study alone in a quiet place are more likely
to achieve better scores than the ones who study in groups in a noisy environment with
distractions.
Further, Plant et al. (2004) added the quality or effectiveness of study to their
research, by using study time as a control variable, and they found the length of study time
without interruption was significantly related with GPA. They collected information
about studying and other activities in diaries. As a result, they found the amount of study
time has a weak link with high GPA in their regression model, unless the study
environment or the effective study time were added into the regression model as variables.
Surprisingly, they also found students who a higher SAT score were more likely to have
less study time.

2.6 Social Time and Academic Performance
There is some research focusing on the correlation between campus size and
location, social life and academic performance. Astin (1968) found rural campuses have
the most cohesiveness, which means the willingness to be a part of the university, since
rural campuses have less distractions and more socialization commitment than urban ones.
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Rural students tend to rate their school as having high cohesiveness and students on urban
campuses had the least, which might be caused by the longer distance students travel to
campus, the distraction from the urban context, and less social events for students on
urban campuses.
Medinets (2004) also mentioned students living on campus tend to have higher
satisfaction, which, however, did not lead to higher scores. Further, other studies argue
that there is no clear relationship between on-campus students and achievement, since they
may be distracted from their studies due to being exposed to more various social activities
than students living off-campus.
Most studies show social time is negatively correlated with academic performance,
even though the research above found it differently. Hood et al. (2006) found that passive
activities such as hanging out with friends had a negative impact on academic
performance. Similarly, Plant et al. (2004) pointed out students who spend more time on
partying or at clubs were associated with a lower GPA.
2.7 Stress/Anxiety and Other Variables
Stress/Anxiety and Academic Performance
Most quantitative studies revealed that anxiety and stress from college/university is
negatively associated with academic performance. School anxiety is a set of responses
like worry, depression, nervousness, task irrelevant cognition, etc. Additionally, anxiety
and stress from colleges/universities are associated with negative emotional experiences
(Sujit et al., 2006), which might be the primary explanation of the negative relation with
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GPA, although several studies showed sometimes a small amount of stress can motivate
students to achieve higher grades compared to too little stress.
Universities have set up various programs to help students improve their academic
performance by reducing anxiety and stress. Anxiety and stress levels vary significantly
in students based on age, gender, ethnicity, marital status and employment conditions
(Sujit et al., 2006).

Stress/Anxiety and Travel Mode
Travel modes choices cause different stress levels. Rissel et al. (2014) surveyed
675 people in south west Sydney, Australia. Among them, about 15% of them are active
commuters (people who walk, cycle or use public transit); these reported a lower amount
of stress (10.3%) than automobile users (26.1%).

Stress/Anxiety and Physical Activity
Routine daily physical activity reduces the stress, anxiety and depression of
students (Vail, 2006).

Stress/Anxiety and Social Time
Socialization has been found to reduce stress and depression. Ford & Procidano
(1990) found social support was negatively related to stress and anxiety. Moreover, Sek
(1991) found that social support from family and friends acted as a protective buffer
against stressful events for university students.
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2.8 Reliability of Travel Time and Late-to-class Frequency
Travel time reliability has been a potentially important indicator of late-to-class
frequency, since late-to-class frequency because of transportation is often mentioned as
being caused by travel-time reliability (Batley, Dargay, & Wardman, 2011; Lomax et al.,
2003).

2.9 Summary

In all, the above literature examines prior studies to help in identifying the relevant
variables for this study.
On one hand, certain commuting modes will enhance physical activity.
Additionally, physical activity improves academic performance. On the other hand, too
much exercise time might take up a large portion of students’ time, and students may lack
time to study. Study time, provided it is productive, is crucial for GPA.
There are two clear lines from travel behavior to academic performance: one is
through intermediate variable physical activity because the active modes of walking,
cycling and transit involve exercise; the other was by the variable study time, since less
time traveling might lead to more time to study.
The author believes there is a potential gap between studies of travel behavior and
academic performance, which makes the paper necessary.
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CHAPTER III
METHODOLOGY
3.1 Recruitment and Study Participants
The author conducted an online survey of students from Clemson University. An
online survey takes less time to send out compared to mail, and reduces data entry errors
since respondents entered or select the data themselves. University students nowadays
have daily access to computers. Considering the above two points, despite the low
response rate, an online survey was the most convenient way to conduct this research.
Before conducting the online survey, the author hypothesized that at least 200 responses
would be needed.
Students were recruited by e-mail to complete an online survey in the spring
semester of 2014. Clemson University has five colleges including approximately 17,260
undergraduate students and 4,597 graduate students in Spring 2014, all of whom were
considered as the whole population of this study.
Considering that engineering students are expected to have a lower GPA than
humanity students, it would have been ideal to get as many fields of students as possible to
take this survey. However, due to technical problems, the survey have only been send out
to one college-College of Architecture, Arts and Humanities. Before sending out the
survey, the author has asked several friends to test the survey to make sure the survey
make sense to them.
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Ethics approval was received from the IRB (Institutional Review Board) and the
college dean，who allowed the e-mail with a link to online survey (see Appendix A) to be
sent out to the whole college through the administrative assistants of the Dean.
College of Architecture, Arts and Humanities has in total 2,153 students, and is
organized into three schools: the School of the Arts includes the departments of Art and
Performing Arts; the School of Design and Building includes the School of Architecture,
Department of Construction Science and Management, Department of Landscape
Architecture, and Department of Planning, Development and Preservation; the School of
the Humanities includes the departments of Communication Studies, English, History,
Languages, and Philosophy and Religion.
Table 3-1. Percent Difference of Bachelors and Graduates between Sample Population
and the Whole Population.
Bachelors
College of Architecture, Arts and Humanities
1,756
(81.6%)
Clemson University
17,260
(79.0%)
Percent in Sample
10.2%
Source: Clemson University Mini Fact Book for 2014.

Graduates
397
(18.4%)
4,597
(21.0%)
8.6%

Total
2,153
21,857
9.9%

Table 3-2. Percent Difference of Gender between Sample Population and the Whole
Population.
Male
Female
Total
College of Architecture, Arts and Humanities
952
1,201
2,153
(44.2%)
(55.8%)
Clemson University
11,697
10,160
21,857
(53.5%)
(46.5%)
Percent in Sample
8.1%
11.8%
9.9%
Source: Clemson University Mini Fact Book for 2014.
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Tables 3-1 and 3-2 (above) show that the student sample population was similar to
the overall population of Clemson University. As shown in Table 3-2, females were
slightly overrepresented (55.8% vs. 46.5%). The share of bachelors and graduates was
also generally representative, with only small differences.

3.2 Data Source and Variables
Variables were chosen based on the previously mentioned literature of review,
which identifies the factors related to travel mode which might have an impact on
academic performance of students. The reader can view these variables in Table 4-1.

3.3 Data Collection Methods
The survey questions were loaded into the ‘Survey Pie’ website, a professional
online software program that allowed surveys to be sent electronically, via e-mail
addresses, to all selected students.

Included with that e-mail, students found an

explanation regarding the purpose of the survey, a notice asserting the importance of each
response and a statement assuring the participants that their responses were confidential,
and no names or e-mails would be collected.
In late March of 2014, the author finally was able to send out an e-mail with a link
to the internet survey to the selected students. They were requested to complete a 17question, multiple-choice survey that would describe their overall travel mode, GPA and
lifestyle. About two weeks later, 109 responses were received to start the analysis of the
survey. The response rate was 5.1 percent.
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The survey question analysis and variables’ breakdown are identified in Table 3-3.
Table 3-3. Survey Questions and Variables.
Category

Variables

Questions

What is your gender?
What is your major?
What is your year of study at Clemson
School year
University?
Travel mode On a typical day, how do you get to campus?
Travel
On a typical day, about how long does it take
Behavior
Travel Time to get from where you live to your final
destination on campus?
Travel Distance How far away do you live from campus?
How many hours do you spend on
Social Time
socialization per week (hang out with friends,
at parties or clubs)?
Outside of time spent in classes, about how
Study Time
many hours, do you study per week?
BMI
What is your height and weight?
In a typical day, how many minutes of
exercise do you get from your trips to school
Exercise Time (such as walking from the parking lot to the
From School building you are going to, walking from your
Trip
apartment to the transit stop and from the
Physical
transit stop to the building, or walking or
Activity
biking to campus)?
In a typical school week, how many hours do
Other Exercise
you exercise excluding exercise you get from
Time
your trip to school?
General

Gender
Major
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Question
Number
1
2
3
4
5
6
7
8
9

10

11

Table 3-3. Survey Questions and Variables. (continued)

Category

Variables
Late to Class
Frequency
(Drive Alone)

Late to Class
Frequency
Because of
Transportation

Late to Class
Frequency
(Transit)
Late to Class
Frequency
(Carpool)

Reliability of Travel Time

Stress/Anxiety

Academic
Performance

GPA
High School
GPA
SAT

Questions
How often are you late for class because of
parking? (This question only showed up
when Question 4 has an answer of “drive
alone”)
If you take a bus to school, how often are
you late for class because transit is not on
time? (This question only showed up when
Question 4 has an answer of “transit”)
If you carpool with other student(s), how
often are you late for class because of the
time waiting for your partner? (This
question only showed up when Question 4
has an answer of “carpool”)
Is your travel time to school reliable? Does
your trip to school usually take the amount
of time you expect, or does it differ from day
to day?
Are you stressed about deadlines and
commitments from the university?
What is your overall GPA?

Question
Number

12

13

14
15

What was your GPA in high school?

16

What was your combined SAT score (verbal
and math)?

17

The above questions in the survey were coded in order to put the results into
models for the purposes of this study. For categories with Likert-style responses, answers
were assigned a numerical value depending on the question (see Table 3-4). Where a
particular question required a choice between one of four responses (“A” to “D”), answer
“A” has been coded as a zero (0); answer “ B” has been coded as a one (1); answer “C”
has been coded as a two (2) and answer “D” has been coded as a three (3) to calculate the
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correlations of each variable. Similarly, other multiple-option responses have been coded
correspondingly.
The author did not use variable SAT in the analysis since about forty percent of the
SAT responses were not completed: some of the students took ACT instead of SAT,
however, they did not write down their SAT scores; a few of them did not take SAT; and
several students filled that they cannot remember the score.

Table 3-4. Survey Question Response Type and Instrument Coding.

Question
Number Variables
1

2

Gender

Major

Questions
What is your A. Female
gender?
B. Male

Response

A. Humanities (Arts, English,
History, Languages, Philosophy
etc.)
What is your B. Social Science (Communication,
major?
Economics, Education, Political
Science, Psychology, Sociology
etc.)
C. Natural Science (Biology,
Chemistry, Physics, Mathematic
etc.)
D. Engineering
E. Business
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Survey
Response
Code

Table 3-4. Survey Question Response Type and Instrument Coding. (continued)

Question
Number Variables
3

School
Year

4

Travel
mode

5

6

7

Travel
Time

Travel
Distance

Social
Time

Questions
What is your
year of study
at Clemson
University?

On a typical
day, how do
you get to
campus?
On a typical
day, about
how long
does it take
to get from
where you
live to your
final
destination
on campus?

How far
away do you
live from
campus?
How many
hours do you
spend on
socialization
per week
(hang out
with friends,
at parties or
clubs)?

A.
B.
C.
D.
E.
A.
B.
C.
D.
E.
F.
A.
B.
C.
D.
E.
F.
G.

Response
Freshman
Sophomore
Junior
Senior
Graduate Student
Driving alone
Carpool
Walking
Biking
Transit (such as CAT bus, Aspen,
and High Point, etc.)
Moped/Motorcycle
5 minutes or less
5 to 10 minutes
10 to 15 minutes
15-20 minutes
20-30 minutes
30-50 minutes
Over 50 minutes

A. On Campus
B. within 1 miles
C. 1 to 2 miles
D. 2 to 5 miles
E. 5 to 10 miles
F. 10 to 20 miles
G. More than 20 miles
A. Under 5 hours
B. 5 to 10 hours
C. 10 to 20 hours
D. 20 to 30 hours
E. Over 30 hours
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Survey
Response
Code

2.5
5
12.5
17.5
25
40
60

0
0.5
1.5
3.5
7.5
15
30
2.5
7.5
15
25
40

Table 3-4. Survey Question Response Type and Instrument Coding. (continued)

Question
Number Variables Questions
8
Study
Outside of
Time
time spent in
classes, about
how many
hours, do you
study per
week?

9

10

BMI

Exercise
Time
From
School
Trip

Response
A. 0 to 5 hours
B. 5 to 10 hours
C. 10 to 15 hours
D. 15 to 20 hours
E. 20 to 30 hours
F. 30 to 40 hours
G. 40 to 50 hours
H. 50 to 60 hours
I. Over 60 hours
What is your Height______
height and
Weight (LB)_______
weight?
In a typical
Under 5 minutes
day, how
5 to 10 minutes
many
10 to 20 minutes
minutes of
20 to 30 minutes
exercise do 30 to 50 minutes
you get from Over 50 minutes
your trips to
school (such
as walking
from the
parking lot to
the building
you are going
to, walking
from your
apartment to
the transit
stop and
from the
transit stop to
the building,
or walking or
biking to
campus)?
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Survey
Response
Code
2.5
7.5
12.5
17.5
25
35
45
55
65

2.5
7.5
15
25
40
60

Table 3-4. Survey Question Response Type and Instrument Coding. (continued)

Question
Number

11

Variables

Questions

In a typical
school week,
Other
how many
Exercise Time hours do you
exercise
excluding
exercise you
get from your
trip to school?

Response
A. None

0

B. More than none but less
than 1 hour

0.5

C. 1-2 hours

1.5

D. 2-3 hours

2.5

E. 3-5 hours

4

F. 5-10 hours

7.5

G. Over 10 hours

12

How often are
you late for
Late to Class class because
Frequency
of parking?
Because of
(This question
Transportation only show up
when
Question 4 has
an answer of
drive alone)

Survey
Response
Code

12

A. Never

0

B. Rarely

1

C. Sometimes

2

D. Often

3

If you take a
bus to school,
how often are
you late for
class because
transit is not
on time? (This
question only
show up when
Question 4 has
an answer of
transit)
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Table 3-4. Survey Question Response Type and Instrument Coding. (continued)

Question
Number

Variables

12
Late to Class
(continued) Frequency
Because of
Transportation

13

Reliability of
Travel Time

Questions

Response
A. Never

If you carpool
B. Rarely
with other
student(s),
how often are C. Sometimes
you late for
class because D. Often
of the time
waiting for
your
partner? (This
question only
show up when
Question 4 has
an answer of
carpool)
Very unreliable-my trip
time to school varies a lot, it
often takes 10 minutes more
or less than usual.
Is your travel Often unreliable-many days
time to school my trip takes more than 5
reliable? Does minutes more or less than
your trip to
usual, and sometimes 10
school usually minutes more or less than
take the
usual.
amount of
Sometimes unreliable-my
time you
trip usually takes the usual
expect, or
amount of time but
does it differ sometimes it can vary by
from day to
more than five minutes
day?
longer or shorter.
Very reliable-I almost
always arrive within a
couple of minutes of the
usual amount of time the
trip takes.
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Survey
Response
Code
0
1
2
3

0

1

2

3

Table 3-4. Survey Question Response Type and Instrument Coding. (continued)

Question
Number
Variables
Questions
Response
14
Stress/Anxiety Are you
A. Not at all
stressed about
deadlines and B. A little
commitments
C. Some
from the
university?
D. A lot
15

GPA

16

High School
GPA

17

SAT

Survey
Response
Code
0
1
2
3

What is your
overall GPA?
What was
your GPA in
high school?
What was
your
combined
SAT score
(verbal and
math)?

3.4 Methods of Analysis-Path Analysis
The statistics was analyzed through Stata 12.0 software by using path analysis to
examine the relationships between the variables. Stata 12.0 is a professional statistical
software package.
The hypothesized relationships between the variables are shown in Figure 3-1.
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Figure 3-1. Path Analysis Model Diagram.

Path analysis is a more powerful version of multiple regression since it enables the
analysis to be more complex and realistic. It can deal with the situation when several
independent variables are correlated with each other, for example when variables cause
variation in other variables that in turn affect the outcome variable, whereas multiple
regressions can only deal with independent variables that are not related. Since most of
the variables in this study are associated, the author decided to use path analysis instead of
multiple regression. Moreover, scholars use path analysis to compare similar models to
make a decision about the best fit of the data.
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In a path analysis, variables are divided into exogenous and endogenous variables.
An exogenous variable is a variable that no other variables point to, it only has arrows
pointing out (in other words, nothing influences this variable in the model).

An

endogenous variable is a variable with at least one arrow pointing to it. In this study, GPA
is the dependent variable, others are independent variables. Travel distance, other exercise
time, and high school GPA are exogenous variables, while others are endogenous
variables.
Errors show up in the path analysis with a term called disturbance, which is also
the equivalent of the small circles displayed in the builder mode. The author did not draw
the disturbance in the diagram since every endogenous variable must have a disturbance
with it. The model is more clearly presented without the disturbances.
Study time, social time, and other exercise time creates a feedback loop in this
study, and all of them are correlated with one another. The causal relationship between
them is two-directional. Study time will affect social time and other exercise time, in turn,
other two variables may have an impact on study time. In this case, the model is called
non-recursive. It reflects a more accurate real world correlation, since the absolute causal
correlation rarely exists, and in most cases there is a reverse causality between variables.
Nevertheless, Streiner (2005) claimed that the output of the non-recursive model would be
potentially wrong given the experience of numerous previous experiments. As a result,
the author replaced the two-directional arrows with a single arrow when drawing the
model.
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Since not all the variables are not directly linked with GPA, this model is divided
into several parts. If these parts of the model out as a regression were written, they would
be alike:

3

=

+

(travel-time reliability) +Error

4

= + (social time) + (exercise time from school trip) +
exercise time) + (travel time) + (travel-time reliability) + Error
5

=

+

(travel time) +

2 (other exercise time) +

(other

(social time)

+ Error
6

=

+

(exercise time from school trip) +

(other exercise time) + Error

At last, GPA will be presented as a regression as the following:
7

=a+

(high school GPA) +

(late to class frequency) +
(SAT) +

(stress level) +

(study time) +

(BMI) + Error.

In order to produce the path analysis model, for categorical variables one category
variable has to be omitted, which means the author did not put them in the model.
Normally the omitted variables are the ones with least responses. As a result, in this study
travel mode-biking, gender-male, year-graduate, and major-natural science were omitted.

3

Letters in this formula are all constant numbers.
Letters in this formula are all constant numbers.
5
Letters in this formula are all constant numbers.
6
Letters in this formula are all constant numbers.
7
Letters in this formula are all constant numbers.
4
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3.5 Direct Effect, Indirect Effect and Total Effect
In the mode, the output shows the relationships with three parts: direct effects,
indirect effects, and total effects. Direct effect shows the influence from one variable
directly on another variable; indirect effect displays the impact, if any, through
intermediate variables. The total effect is the most important relationship, since it shows
the ultimate impact of one variable on another.
For example, there is a hypothesized direct influence of travel time on study time.
If the travel time is too long, it should decrease the study time. For the same reason, travel
time should influences social time as well.

Additionally, social time is capable of

affecting study time. Thus, it creates an indirect relationship from travel time to study
time through social time.
The following formula and example shows the relationship among the three effects:
Total Effect = Direct effect + Indirect Effect

Figure 3-2. Direct Effect and Indirect Effect of Travel Time on Study Time.
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Total Effect (Travel Time to Study Time)
= Direct effect + Indirect Effect
= - 0.09 + [- 0.141 * (- 0.006)]
= - 0.089
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CHAPTER IV
RESULTS
4.1 Variable Description
Table 4-1 summarizes each variable, including the dependent variable--GPA--and
the independent variables.

Table 4-1. Summary of Variables.

Variable
Gender--Female (percentage)
Major-Humanities (percentage)
Major-Social Science(percentage)
Major--Engineering (percentage)
Major--Business (percentage)
Year--Undergraduate (percentage)
Mode--Drive Alone
Mode—Carpool
Mode—Walk
Mode—Bike
Mode—Transit
Travel Distance (miles)
Travel Time (minutes)
Social Time (hours)
Study Time (hours)
Exercise Time From School Trip
(minutes)
Other Exercise Time (hours)
High School GPA (0-4)
Stress Level (0-3)
Reliability of Travel Time
(0-3)
BMI
GPA (0-4)

Mean
58.7%
65.1%
21.1%
5.5%
4.6%
60.6%
49.5%
8.3%
25.7%
1.8%
14.7%
5.1
16.3
8.5
18.5
20.2

Std.
Dev.
7.6
12.1
7.3
12.9
15.8

Min
0
0
0
0
0
0
0
0
0
0
0
0
4
3
3
3

Max
1
1
1
1
1
1
1
1
1
1
1
30
60
40
55
60

excstmwe
hsgpatop
stress
reliability

2.9
3.68
2.0
2.6

2.7
0.37
0.9
0.6

0
2.5
0
1

12
4
3
3

bmi
gpa

24.2
3.57

5.3
0.47

17
1.4

50.2
4

Abbreviation
gd_fe
major_hu
major_so
major_en
major_bu
yr_un
mode_dr
mode_cp
mode_wa
mode_bk
mode_tr
how_far
trv_tm
soc_tmw
std_tmw
excstmd
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4.1.1 Dependent Variables
GPA
The subject of this study is to analyze whether travel behavior has any impact on
students’ academic performance, which mainly is to find out if a causal relationship exists
between transportation variables (travel time, travel mode, travel distance) and academic
performance.
Grade point average (GPA) is the most common indicator of academic
achievements. It is the mean of marks from weighted courses contributing to assessment
for the final degree. In this study, GPA is chosen to represent academic performance.
Respondents’ average GPA at Clemson University is 3.57 grade points.

The

standard deviation is 0.46, the maximum GPA is 4.0, and the minimum GPA is 1.4.

4.1.2 Independent Variables-Variables of Interest
Travel Mode, Travel Distance, and Travel Time
This research studies how travel behavior affects students’ academic performance.
As a result, travel mode, travel distance, and travel time are the core elements of travel
behavior I observed.
Travel Mode: Of the respondents, 49.5% drive alone; 8.3% of them carpool;
14.7% of them take transit (i.e., bus); 25.7% of them walk to school; and only 1.8% ride a
bicycle to go to school.
As expected, a rural campus will have a large number of driving students
(Delmelle, 2012). The number of walking students is more than expected and the number
of students who ride a bicycle to go to school is very small. Additionally, nobody
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responded that they take a motorcycle or moped to school, so this option is deleted from
all the results.
Travel Distance: The mean travel distance is 5.1 miles; the standard deviation is
7.6 miles. The nearest students live on campus while the furthest students may travel
more than 30 miles one-way.
Travel Time: Most students do not live far away from the university; the mean
travel time is about 16 minutes and the standard deviation is 12.1 minutes. The maximum
travel time is 60 minutes, and the minimum is 4 minutes.

Social Time and Study Time
Prior research has found that social time and study time affect students’ academic
achievement. Students who study for a longer time generally get higher scores; however,
there are exceptions when students study in a distractive environment (Hirinchsen, 1972;
Allen et al., 1972). Students who usually spend their time on socialization too much will
get more distraction and get lower scores (Thurmond, Wambach, Connors, & Frey, 2002;
Astin, 1968). These variables are included in the survey.
The average social time per week is about 8.5 hours; the standard deviation is 7.3
hours. The average weekly study time is about 18.5 hours and the standard deviation is
12.9 hours.

Exercise Time and BMI
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Numerous scholars have found out that BMI has a negative relationship with
students’ academic performance (Kobayashi, 2009). BMI, in turn, is closely related to
exercise time (Adkins & Pamela, 2005).
From school trips, students get an average of 20 minutes of exercise (students who
walk and bike to school can get exercise all the way to school and all the way back;
students who take transit can get exercise from walking from home to the bus stop, and
from the bus stop to their destination; students who drive alone and carpool can get
physical exercise from walking from the parking lot to their destination and back).
Exercise time--excluding exercise going to and from school--is about 3 hours per
week on average.
Only weight and height are collected in this survey, and BMI is obtained by using
the following formula:

BMI = [Weight in Pounds/(Height in Inches x Height in Inches )] x 703
The average BMI is 24.2, which indicates an optimal weight for most students.
However, the maximum BMI is 50.2, which is apparently overweight.

Stress Levels, Late-to-class Frequency and Travel-Time Reliability
Studies have shown stress levels experienced by students have a negative effect on
their academic performance, with students who suffer from high stress usually getting
lower scores (Misra & McKean, 2000; Macan et al., 1990). Being late to class causes
academic stress for students (Misra & McKean, 2000; Kohn & Frazer, 1986). Thus, being
late to class frequently would lead to poor grades. Other explanations for why students
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who are usually late might have lower grades is because they might miss the beginning of
class, and thus, get lower scores. Travel-time reliability is an important indicator of lateto-class frequency. In other words, late-to-class frequency could be explained by travel
time reliability (Batley, Dargay, & Wardman, 2011; Lomax et al. 2003).

Late-to-class Frequency Because of Transportation
The survey questionnaire used in the research contained the following questions:
“How often are you late for class because of parking?/If you take a bus to school, how
often are you late for class because transit is not on time?/If you carpool with other
students, how often are you late for class because of the time waiting for your partner? ”
The answers are coded at a range of 0-3, and students who are late more receive a
higher score (Never-0, Rarely-1, Sometimes-2, Often-3).
The average late-to-class frequency (0-3) is about 0.7, which indicates that most
students are never late or are rarely late to class. Among all the modes of transportation,
walking and biking are assumed to have the least frequency of being late and carpool
students report less late-to-class frequency as well (see Figure 4-1).

Figure 4-1. Late-to-class Frequency of Each Travel Mode.
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The mean of late-to-class frequency for driving alone is 1.1; transit’s mean is 1.2,
carpooling has a mean of 0.2.

There are no late-to-class frequency because of

transportation questions for students walking or biking to school since the author
hypothesize that these two modes never have travel delay. Students who drive alone and
take transit are more likely to be late, compared to the other three modes of transportation.

Stress Level
The survey question was the following: “Are you stressed about deadlines and
commitments from the university?” The answers are coded at a range of 0-3, and students
who are more stressed receive a higher score (Not at all-0, A little-1, Some-2, A lot-3).
The mean of stress level (0-3) among 109 respondents is about 2, which indicates a
slightly stressful environment.

Reliability of School Trip
The questions were the following: “Is your travel time to school reliable? Does
your trip to school usually take the amount of time you expect, or does it differ from day
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to day?” The answers are coded at a range of 0-3, and students whose trip is more reliable
receive a higher score (Very unreliable-0, Often unreliable-1, Sometimes unreliable-2,
Very reliable-3).

Figure 4-2. Reliability of Travel-Time of Each Travel Mode

The mean of reliability of travel time (0-3) is about 2.6, which suggests the time of
the school trip is mainly reliable. Among all the modes, walking has the highest reliability
(2.75), whereas drive alone has the lowest (2.48).

4.1.3 Mode Split
Overall, half of the students drive alone and 25% of the students walk to school.
The remaining 25% of students are divided among the other three modes.
Table 4-2 shows that gender might have an impact on students’ travel behavior.
Twice the share of female students walk compared to male students. Male students are
more likely to carpool (13.3% versus 4.7%). For drive alone and transit, this study found
little association between gender and modes.
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Table 4-2. Mode Split by Gender.
Mode\Gender
Drive alone
Carpool
Transit
Bike
Walk
Total

Female
31
48.4%
3
4.7%
9
14.1%
0
0.0%
21
32.8%
64
58.7%

Male
23
51.1%
6
13.3%
7
15.6%
2
4.4%
7
15.6%
45
41.3%

Total
54

Percent
49.5%

9

8.3%

16

14.7%

2

1.8%

28

25.7%

109
100.0%

100.0%

As Table 4-3 shows, the survey sample is composed of 60% undergraduates and
40% graduate students. Among them, graduates drive more, carpool more, take transit
more, and bike more, but walk much less than undergraduates.
undergraduates walk versus 7% (n=3) of graduates.

37.9% (n=25) of

This is probably because

undergraduates are more likely to live on campus.
Table 4-3. Mode Split by School Year
Mode\Year
Drive alone
Carpool
Transit
Bike
Walk
Total

Undergraduate
29
43.9%
3
4.5%
9
13.6%
0
0.0%
25
37.9%
66
60.6%

Graduate
25
58.1%
6
14.0%
7
16.3%
2
4.7%
3
7.0%
43
39.4%

43

Total
54

Percent
49.5%

9

8.3%

16

14.7%

2

1.8%

28

25.7%

109
100.0%

100.0%

Table 4-4 shows that transit takes much more time than other modes, averaging 10
minutes more than driving. This might be the case because bus routes are meandering
around neighborhoods to get more students. Also, students may have to wait for the bus.
Students who carpool, bike, and walk take less time to commute. This might be the case
because they live closer to school, and because there is a limit to the amount of physical
exertion bikers and walkers will tolerate. In general, commute time is short for most
students.

Table 4-4. Mode and Time
Mode
Mean Time
(minutes)

Drive alone
16.1

Carpool
11.4

Transit
26.6

Bike
12.5

Walk
12.8

Average
16.3

Figure 4-3. Travel Distance and Mode.

From Figure 4-3, there are distinct differences in travel distance between modes.
Students who take transit live farthest away from school (9.1 miles) while carpool students
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live closer than drive-alone students (4 miles versus 6.7 miles), and students who walk or
bike live closer to campus (0.5 mile to 1.5 miles). This figure also explains why students
who take transit require an average of 26.6 minutes to get to school.

4.1.4 Independent Variables-Control Variables
In an analysis, control variables are used to determine which variables exactly
cause what observed effect. In this study, gender, year, major, and high school GPA were
chosen as control variables because I hypothesized the following: 1) female students may
get higher scores in school; 2) engineering students are more likely to get lower scores
than those in other majors; 3) in general, undergraduates get lower scores than graduate
students; 4) students who receive a higher GPA in high school generally work harder or
are smarter, and they are more likely to get a higher GPA in a university.
Of the 109 respondents, 58.7% are female (n=64) while 41.3% of them are male
(n=45).
Of the 109 respondents, 60.6% are undergraduate students (n=66), while 39.4% of
them are graduate students (n=43).
Among all the respondents, 65.1% are humanities majors (n=71); 21.1% are social
science majors (n=23); 3.7% are natural science majors (n=4); 5.5% of them are
engineering majors (n=6) and 4.6% of them are business majors (n=5).

45

4.2 Path Analysis Direct Effect
4.2.1 Other Variables’ Effects on GPA
Table 4-5. Direct Effect of Other Variables on GPA

Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
BMI
Stress
Study Time
Social Time
Travel Time
Reliability of Travel
Time
Exercise Time From
School Trip
Late-to-class Frequency
Gender-Female
Year-Undergraduate
Major-Humanities
Major-Social Science
Major-Engineering
Travel Distance
Other Exercise Time
High School GPA

Coef.
0
0
0
0
-0.02349
-0.05423
0.004403
0
0
0

Std. Err.
(no
(no
(no
(no
0.007523
0.041656
0.003098
(no
(no
(no

z
path)
path)
path)
path)
-3.12
-1.3
1.42
path)
path)
path)

P>z
0
0
0
0
0.002**
0.193
0.155
0
0
0

0

(no

path)

0

-0.10005
0.109054
-0.35576
-0.03836
-0.04475
-0.33908
0
0
0.098404

0.041976
0.077273
0.084103
0.171855
0.184255
0.229844
(no
(no
0.099712

-2.38
1.41
-4.23
-0.22
-0.24
-1.48
path)
path)
0.99

0.017*
0.158
0.000***
0.823
0.808
0.14
0
0
0.324

Figure 4-4. Direct Effect of Other Variables on GPA.
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Std. Coef.

-0.27718
-0.10813
0.12711

-0.20418
0.121031
-0.39194
-0.0412
-0.04116
-0.17432

0.081608

8

As the Table 4-4 shows, all else equal, late-to-class frequency because of
transportation has a significant negative effect on GPA (p* = 0.017). All else equal, the
standardized coefficient (β9 = -0.204) tells us as the late-to-class frequency increases by
one standard deviation (0.90), the GPA will drop by 0.204 standard deviations (0.096
points).
BMI has a negative relationship with GPA (p** = 0.002) as well. All else equal,
as the standardized coefficient shows (β = -0.277), when BMI increase by one standard
deviation (5.26 points), GPA will be lower by 0.277 standard deviations (0.130 points).
Undergraduate students receive a significantly lower GPA than graduate students
(p*** = 0). All else equal, undergraduate students get a 0.414 lower GPA than graduate
students. This is likely true because graduates were selected based on their GPA as
undergraduates, and they will continue achieve higher scores in graduate school.
Unexpectedly, high school GPA and study time are not significantly related to GPA. This

8

* means p<=0.05, the correlation is significant.
** means p<=0.01, the correlation is highly significant.
*** means p<=0.001, the correlation is extremely significant.
9

β stands for standardized coefficient.
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is surprising since students who have a higher GPA in high school might be considered to
be smarter or harder working than other students, and students who study longer would be
expected to have a higher possibility of receiving higher scores.
4.2.2 Other Variables’ Effects on Mode Choice
Table 4-6. Direct Effect of Other Variables on Mode (Biking is Omitted)
Coef.
To Mode-Drive Alone
 Gender- Female
 Year-Undergraduate
 Travel Distance
To Mode-Carpool
 Gender- Female
 Year-Undergraduate
 Travel Distance
To Mode-Walk
 Gender- Female
 Year-Undergraduate
 Travel Distance
To Mode-Transit
 Gender- Female
 Year-Undergraduate
 Travel Distance

Std. Err.

z

P>z

Std. Coef.

0.002342 0.09775
-0.08894 0.102957
0.011804 0.006502

0.02
-0.86
1.82

0.981
0.388
0.069

0.002307
-0.08694
0.177634

-0.06655
-0.09475
-0.00366

0.053726
0.056588
0.003574

-1.24
-1.67
-1.03

0.215
0.094
0.305

-0.11905
-0.16826
-0.10014

0.112451 0.077882
0.205962 0.082031
-0.01675 0.00518

1.44
2.51
-3.23

0.149
0.012*
0.001***

0.126718
0.230394
-0.28839

-0.0137
0.069133
0.02596 0.072815
0.010808 0.004598

-0.2
0.36
2.35

0.843
0.721
0.019*

-0.01906
0.035852
0.229792

Figure 4-5. Direct Effect of Other Variables on Mode
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10

Travel distance has a borderline positive effect on the likelihood of driving alone
(p = 0.069). All else equal, each extra mile students travel will add a 1.2 percentage point
higher chance of driving alone compared to bicycling.
Travel distance has a positive effect on the likelihood of using transit (p* = 0.019).
All else equal, each mile of travel distance will increase the likelihood of riding transit by
1.1 percentage points compared to biking.
Travel distance has a significant negative effect on the chance of walking (p*** =
0.001). All else equal, each mile of travel distance will decrease the probability of
students walking to school by 1.6 percentage points compared to cycling.
Undergraduates are less likely to carpool (p = 0.094); the association is borderline
significant. All else equal, being an undergraduate means that on average you will have
9.4 percentage point lower likelihood to carpool compared to being a graduate student.

10

* means p<=0.05, the correlation is significant.
*** means p<=0.001, the correlation is extremely significant.
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4.2.3 Other Variables’ Effects on Travel Time
Table 4-7. Direct Effect of Other Variables on Travel Time

Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Gender- Female
Year-Undergraduate
Travel Distance

Coef.
-3.23445
-4.33964
1.599346
4.046056
0
0
1.313632

Std. Err.
5.036282
5.407868
5.065537
5.253505
(no
(no
0.091351

z
-0.64
-0.8
0.32
0.77
path)
path)
14.38

P>z
0.521
0.422
0.752
0.441
0
0
0***

Std. Coef.
-0.13526
-0.0999
0.058445
0.119761

0.826684

Figure 4-6. Direct Effect of Other Variables on Travel Time

11

Longer travel distance causes longer travel time (p*** = 0). All else equal, every
one extra mile of travel distance means 1.3 more minutes of travel time.

As the

standardized coefficient shows (β = 0.827), all else equal every one additional standard
deviation of travel distance (7.6 miles) will be associated with 10.0 more minutes of travel
time.
4.2.4 Other Variables’ Effects on BMI
Table 4-8. Direct Effect of Other Variables on BMI
11

* means p<=0.05,the correlation is significant.
** means p<=0.01, the correlation is highly significant.
*** means p<=0.001, the correlation is extremely significant.
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Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Exercise Time From School
Trip
Gender- Female
Year-Undergraduate
Travel Distance
Other Exercise Time

Coef.
0
0
0
0
0.002899

Std. Err.
(no
(no
(no
(no
0.034565

z
path)
path)
path)
path)
0.08

P>z
0
0
0
0
0.933

0
-1.1369
0
-0.31034

(no
1.076009
(no
0.181388

path)
-1.06
path)
-1.71

0
0.291
0
0.087

Std. Coef.

0.008687

-0.10613
-0.16211

Figure 4-7. Direct Effect of Other Variables on BMI

12

As expected, other exercise time has a borderline significant negative correlation
with BMI (p = 0.087). All else equal, each hour of exercise will decrease BMI by 0.31
points. However, exercise time from the school trip does not affect students’ BMI, and
there is no significant association between them.

4.2.5 Other Variables’ Effects on Stress Level
Table 4-9. Direct Effect of Other Variables on Stress Level
12

The numerical value on the path without asterisk means p<=0.1, the correlation is
borderline significant.
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Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Social Time
Travel Time
Reliability of Travel Time
Exercise Time From School
Trip
Gender- Female
Year-Undergraduate
Travel Distance
Other Exercise Time

Coef.
0
0
0
0
-0.0026
-0.00506
-0.34153
0.003391

Std. Err.
(no
(no
(no
(no
0.011464
0.006892
0.140219
0.005193

z
path)
path)
path)
path)
-0.23
-0.73
-2.44
0.65

P>z
0
0
0
0
0.82
0.463
0.015*
0.514

Std. Coef.

-0.07656
0
0
-0.07712

0.165577
(no
(no
0.029742

-0.46
path)
path)
-2.59

0.644 -0.04262
0
0
0.01** -0.23842

-0.02128
-0.06834
-0.22369
0.060138

Figure 4-8. Direct Effect of Other Variables on Stress Level

13

Reliability of travel time to school reduces stress levels (p* = 0.015). All else
equal, one more reliability level is associated with 0.34 units less of stress level.
Other exercise time is associated with lower stress levels as well (p** = 0.01). All
else equal, one additional hour of exercise will reduce stress levels by 0.07. The results
show that travel time does not stress students, and social time is not found to reduce stress
13

* means p<=0.05, the correlation is significant.
** means p<=0.01, the correlation is highly significant.
*** means p<=0.001, the correlation is extremely significant.
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levels. This might be due to the fact that the sample size is too small, and several
significant relationships might show up with a larger sample size.
4.2.6 Other Variables’ Effects on Study Time
Table 4-10. Direct Effect of Other Variables on Study Time

Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Social Time
Travel Time
Gender- Female
Year-Undergraduate
Major-Humanities
Major-Social Science
Major-Engineering
Travel Distance
Other Exercise Time

Coef.
0
0
0
0
-0.01124
-0.09646
-0.13902
-10.3225
4.498611
3.393677
7.315276
0
0.273396

Std. Err.
(no
(no
(no
(no
0.165914
0.097788
2.419678
2.62203
5.461908
5.989525
7.18987
(no
0.447857

z
path)
path)
path)
path)
-0.07
-0.99
-0.06
-3.94
0.82
0.57
1.02
path)
0.61

P>z
0
0
0
0
0.946
0.324
0.954
0***
0.41
0.571
0.309
0
0.542

Figure 4-9. Direct Effect of Other Variables on Study Time

14

14

** means p<=0.01, the correlation is highly significant.

53

Std. Coef.

-0.00635
-0.09004
-0.00534
-0.39389
0.167372
0.10811
0.130259
0.058376

Undergraduate students spend much less time on studying (p*** = 0). All else
equal, on average an undergraduate spends 10 less hours on study tasks every week
compared to graduates.
4.2.7 Other Variables’ Effects on Social Time
Table 4-11. Direct Effect of Other Variables on Social Time
Coef.
0
Mode-Drive alone
0
Mode-Carpool
0
Mode-Walk
0
Mode-Transit
-0.08536
Travel Time
0.808786
Gender- Female
Year-Undergraduate 4.069819
0
Travel Distance

Std. Err.
(no
(no
(no
(no
0.05508
1.362217
1.387818
(no

z
path)
path)
path)
path)
-1.55
0.59
2.93
path)

P>z
0
0
0
0
0.121
0.553
0.003**
0

Std. Coef.

-0.14112
0.055064
0.275055

Figure 4-10. Direct Effect of Other Variables on Social Time

15

The table above shows that undergraduate students spend more hours on social
time (p** = 0.003). All else equal, undergraduate students have 4 more hours of social
time than graduate students.
15

** means p<=0.01, the correlation is highly significant.
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4.2.8 Other Variables’ Effects on Reliability
Table 4-12. Direct Effect of Other Variables on Reliability of Travel-Time

Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Gender- Female
YearUndergraduate
Travel Distance

Coef.
-0.01852
0.055556
0.25
0.1875
0
0

Std. Err.
0.230957
.
0.244702
0.265055
(no
(no

z
-0.08
.
1.02
0.71
path)
path)

P>z
0.936
.
0.307
0.479
0
0

0

(no

path)

0

Std. Coef.
-0.01598
0.026393
0.188539
0.114536

Figure 4-11. Direct Effect of Other Variables on Reliability of Travel Time

Unexpectedly, travel mode, especially walking, does not have a significantly
higher reliability of travel-time compared to cycling. This might because this study has
insufficient sample size.

4.2.9 Other Variables’ Effects on Other Exercise Time
Table 4-13. Direct Effect of Other Variables on Other Exercise Time
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Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Gender- Female
Year-Undergraduate
Travel Distance

Coef.
-10.0926
-10.2778
7.5
-6.09375
0
0
0

Std. Err.
11.02808
11.74968
11.20192
11.45112
(no
(no
(no

z
-0.92
-0.87
0.67
-0.53
path)
path)
path)

P>z
0.36
0.382
0.503
0.595
0
0
0

Std. Coef.
-0.32166
-0.18032
0.20888
-0.13747

Figure 4-12. Direct Effect of Other Variables on Exercise Time from School Trip

None of the mode choices was found to have a significant relationship with
exercise time from school trip. However, the coefficients for driving alone, carpooling,
and walking are quite high. This means that compared to biking, all else equal, students
who drive alone will get 10.1 less minutes of exercise, carpool students get 10.3 less
minutes and students who walk to school get 7.2 more minutes of exercise.

4.2.10 Other Variables’ Effects on Late-to-class Frequency
Table 4-14. Direct Effect of Other Variables on Late to Class Frequency
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Mode-Drive alone
Mode-Carpool
Mode-Walk
Mode-Transit
Reliability of Travel Time
Gender- Female
Year-Undergraduate
Travel Distance

Coef.
0
0
0
0
-0.54836
0
0
0

Std. Err.
(no
(no
(no
(no
0.140023
(no
(no
(no

z
path)
path)
path)
path)
-3.92
path)
path)
path)

P>z Std. Coef.
0
0
0
0
0*** -0.35092
0
0
0

Figure 4-13. Direct Effect of Other Variables on Late to Class Frequency

16

Reliability has a significant negative correlation with late-to-class frequency
because of transportation (p*** = 0).

All else equal, one more reliability level is

associated with 0.54 less late-to-class levels. As the standardized coefficient shows (β = 0.351), when reliability increases by one standard deviation (0.58 points), the late-to-class
frequency will drop 0.351 standard deviations (0.316 points).

16

* means p<=0.05, the correlation is significant.
** means p<=0.01, the correlation is highly significant.
*** means p<=0.001, the correlation is extremely significant.
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4.3 Path Analysis Total Effect
4.3.1 Other Variables’ Effects on GPA
Table 4-15. Total Effect of Other Variables on GPA.

Mode-Drive Alone
Mode-Carpool
Mode-Walk
Mode-Transit
BMI
Stress Level
Study Time
Social Time
Travel Time
Reliability of Travel Time
Exercise Time From School
Trip
Late-to-class Frequency
Gender-Female
Year-Undergraduate
Major-Humanities
Major-Social Science
Major-Engineering
Travel Distance
Other Exercise Time
High School GPA

Coef.
0.002
0.007
0.016
0.015
-0.023
-0.054
0.004
0.000
0.000
0.073
0.000

Std. Err.
0.015934
0.003027
0.016958
0.01849
0.007523
0.041656
0.003098
0.00096
0.000571
0.015967
0.000878

z
0.11
2.43
0.96
0.79
-3.12
-1.3
1.42
0.1
-0.28
4.6
-0.29

P>|z|
0.915
0.015*
0.339
0.428
0.002**
0.193
0.155
0.924
0.781
0***
0.774

Std. Coef.
0.001912
0.004562
0.015958
0.011691
-0.27718
-0.10813
0.12711
0.001494
-0.00427
0.095837
-0.00891

-0.100
0.114
-0.371
-0.019
-0.030
-0.307
0.000
0.013
0.098

0.041976
0.078699
0.082167
0.172777
0.185962
0.229829
0.000944
0.006089
0.099712

-2.38
1.45
-4.52
-0.11
-0.16
-1.34
-0.35
2.08
0.99

0.017*
0.148
0***
0.914
0.873
0.182
0.728
0.037*
0.324

-0.20418
0.126303
-0.40902
-0.01993
-0.02742
-0.15777
-0.00556
0.078134
0.081608

Carpooling has a positive relationship with GPA (p* = 0.015). All else equal,
carpooling will help students achieve 0.007 higher of GPA compared to biking. As the
standardized coefficient shows (β = 0.005), if it were possible for a student to be one
standard deviation more of a carpooler, the GPA will increase by 0.005 standard
deviations (0.008 grade points).
Also, BMI has a negative relationship with GPA (p** = 0.002). All else equal,
each extra point of BMI is associated with a GPA that is 0.023 points lower. As the
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standardized coefficient shows (β = -0.277), if the BMI increases by one standard
deviation (5.3 points), the GPA will decrease by 0.277 standard deviations (0.130 grade
points).
Reliability of travel time has a positive relationship with GPA (p*** = 0). All else
equal, one more level of reliability of travel time will increase GPA by 0.073 points. All
else equal, as the standardized coefficient shows (β = 0.096), if reliability increases by one
standard deviation (0.6 points), it is associated with a GPA increase of 0.096 standard
deviations (0.045 points).
Late-to-class frequency due to transportation has a negative relationship with GPA
(p* = 0.017). All else equal, one more point of late-to-class frequency is associated with
0.1 less points of GPA.
Other exercise time has a positive relationship with GPA (p* = 0.037). All else
equal, one more hour of exercise time is associated with 0.013 higher points of GPA.
Being an undergraduate has a negative relationship with GPA (p*** = 0). All else
equal, undergraduate students get a 0.371 lower GPA than graduate students.

4.3.2 Other Variables’ Effects on Mode Choice
Table 4-16. Total Effect of Other Variables on Driving Alone (Biking is Omitted)
Mode-Drive Alone
Gender-Female
Year-Undergraduate
Travel Distance

Coef.
0.002342
-0.08894
0.011804

Std. Err.
0.09775
0.102957
0.006502

z
0.02
-0.86
1.82

Table 4-17. Total Effect of Other Variables on Carpooling.
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P>|z|
0.981
0.388
0.069

Std. Coef.
0.002307
-0.08694
0.177634

Mode-Carpool
Gender-Female
Year-Undergraduate
Travel Distance

Coef.
-0.06655
-0.094s75
-0.00366

Std. Err.
0.053726
0.056588
0.003574

z
-1.24
-1.67
-1.03

P>|z|
0.215
0.094
0.305

Std. Coef.
-0.11905
-0.16826
-0.10014

Table 4-18. Total Effect of Other Variables on Walking.
Mode-Walking
Gender-Female
Year-Undergraduate
Travel Distance

Coef.
0.112451
0.205962
-0.01675

Std. Err.
z
0.077882 1.44
0.082031 2.51
0.00518 -3.23

P>|z|
0.149
0.012*
0.001***

Std. Coef.
0.126718
0.230394
-0.28839

P>|z|
0.843
0.721
0.019*

Std. Coef.
-0.01906
0.035852
0.229792

Table 4-19. Total Effect of Other Variables on Transit.
Mode-Transit
Gender-Female
Year-Undergraduate
Travel Distance

Coef.
-0.0137
0.02596
0.010808

Std. Err.
0.069133
0.072815
0.004598

z
-0.2
0.36
2.35

Table 4-18 displays that travel distance and being an undergraduate has a
significant effect on the likelihood of walking (p*** = 0.001). All else equal, one extra
mile of travel distance will reduce the likelihood of walking for students by 1.6 percentage
points compared to biking. All else equal, on average being an undergraduate is associated
with a 20.5 percentage point greater probability of walking to class compared to being a
graduate student.
Table 4-19 also shows that travel distance has a significant effect on likelihood of
taking the mode of transit (p* = 0.019). All else equal, each one mile of travel distance
will increase the likelihood of taking transit to school by 1.1 percentage points.

4.3.3 Other Variables’ Effects on Travel Time
Table 4-20. Total Effect of Other Variables on Travel Time.
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Mode- Drive Alone
Mode- Carpool
Mode- Walk
Mode- Transit
Gender- Female
Year– Undergraduate
Travel Distance

Coef.
-3.23445
-4.33964
1.599346
4.046056
0.405647
1.1333
1.308297

Std. Err.
5.036282
5.407868
5.065537
5.253505
0.564221
0.670767
0.090114

z
-0.64
-0.8
0.32
0.77
0.72
1.69
14.52

P>|z|
0.521
0.422
0.752
0.441
0.472
0.091
0***

Std. Coef.
-0.13526
-0.0999
0.058445
0.119761
0.016704
0.046327
0.823326

As Table 4-20 displayed, travel distance has a significant effect on travel time
(p*** = 0). All else equal, one additional mile of travel distance would increase 1.3
minutes of travel time.

4.3.4 Other Variables’ Effects on Stress
Table 4-21. Total Effect of Other Variables on Stress Level.
Stress Level
Mode-Drive Alone
Mode-Carpool
Mode-Walk
Mode-Transit
Social Time
Travel Time
Reliability of Travel Time
Exercise Time From School
Trip
Gender-Female
Year-Undergraduate
Travel Distance
Other Exercise Time

Coef.
-0.01226
-0.03285
-0.06768
-0.10426
-0.0026
-0.00483
-0.34153
0.003391

Std. Err.
0.073314
0.049088
0.078131
0.08514
0.011464
0.006894
0.140219
0.005193

z
-0.17
-0.67
-0.87
-1.22
-0.23
-0.7
-2.44
0.65

P>|z|
0.867
0.503
0.386
0.221
0.82
0.483
0.015*
0.514

Std. Coef.
-0.00693
-0.01022
-0.03343
-0.04171
-0.02128
-0.06533
-0.22369
0.060138

-0.08269
-0.02303
-0.00637
-0.07712

0.16612
0.052528
0.009111
0.029742

-0.5
-0.44
-0.7
-2.59

0.619
0.661
0.485
0.01**

-0.04603
-0.01273
-0.05416
-0.23842

As Table 4-21 shows, reliability has a significant effect on stress (p* = 0.015). All
else equal, one more level of reliability of travel time is associated with a decreased stress
level of 0.34 points.

As the standard coefficient (β = -0.224) tells us, if reliability
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increases by one standard deviation (0.6 point), the students would suffer 0.224 standard
deviations (0.20 points) less of stress.
Also, from Table 4-21, other exercise time has a significant effect on the level of
stress (p** = 0.01). All else equal, each one hour of exercise will help reduce the stress
level by 0.077 points.

4.3.5 Other Variables’ Effects on Late-to-class Frequency
Table 4-22. Total Effect of Other Variables on Late-to-class frequency
Late-to-class Frequency
Mode-Drive Alone
Mode-Carpooling
Mode-Walking
Mode-Transit
Reliability of Travel
Time
Gender-Female
Year-Undergraduate
Travel Distance

Coef.
0.010155
-0.03046
-0.13709
-0.10282
-0.54836
-0.01196
-0.02892
0.001416

Std. Err.
z
0.126648
0.08
(constrained) -0.00926
0.134185
-1.02
0.145347
-0.71
0.140023
-3.92
0.019219
0.026563
0.001833

-0.62
-1.09
0.77

P>|z|
0.936

Std. Coef.
0.005608

0.307
0.479
0***

-0.06616
-0.04019
-0.35092

0.534
0.276
0.44

-0.0065
-0.01561
0.011768

As the table above shows, reliability has a significant negative effect on late-toclass frequency due to transportation (p*** = 0). All else equal, each reliability of traveltime level will decrease the 0.55 points of late-to-class frequency. All else equal, as the
standard coefficient (β = 0.351) tells us, if reliability increases by one standard deviation
(0.6 points), students’ late-to-class frequency would drop by 0.351 standard deviations
(0.32 points).

4.3.6 Equation-Level Goodness of Fit
Table 4-23. Goodness of Fit of Each Variable.
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Variable
GPA
Mode-Driving alone
Mode-Carpooling
Mode-Walking
Mode-Transit
BMI
Stress Level
Study Time
Social Time
Travel Time
Reliability of Travel Time
Exercise Time from School Trip
Late-to-class Frequency
Overall

R-squared
0.335526
0.048101
0.051046
0.20869
0.049656
0.036572
0.111749
0.170816
0.120914
0.70014
0.046276
0.222579
0.123145
0.855704

The above table shows that this model can explain or predict 33.5% of GPA,
17.1% of study time, 70.0% of travel time, and 22.3% of exercise time from a school trip,
which suggests this model did well in using other variables to predict GPA.

4.4 Summary
Figure 4-14. Significant Direct Effect of All Variables
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17

Figure 4-15. Significant Total Effect on GPA

18

As expected, undergraduate students get a lower GPA than their graduate student
counterparts. In the direct effects, I find that travel distance determines whether students
17 18

.* means p<=0.05, the correlation is significant.
** means p<=0.01, the correlation is highly significant.
*** means p<=0.001, the correlation is extremely significant.
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walk, take transit or drive alone to school; reliability of travel time reduces the stress level
and the late-to-class frequency because of transportation; other exercise time decreases
students’ BMI and stress level; and BMI, late-to-class frequency because of transportation,
and school year are directly and significantly associated with GPA. Moreover，in terms
of total effects, carpooling, reliability of travel-time, and other exercise time are
significantly associated with GPA, however, the effect of carpooling is very small (β =
0.01).
Students who exercise more have a lower stress level and a lower BMI, and a
lower BMI, is associated with a higher GPA. Another way to obtain higher GPA
suggested by this study is try to increase the reliability of travel time and decrease the
likelihood of being late to class because of transportation.
This study finds little association between study time, social time, and GPA.
Stress seems to not directly affect GPA. High school GPA does not show a significant
relationship with GPA. The relationship between travel time, study time, social time, and
other exercise time is not clear. Travel distance does not determine travel time, probably
because those who live farther are more likely to drive than walk.

65

CHAPTER V
LIMITATIONS
5.1 Sample
The sample size in this study is 109, whereas the population of the university is
21,857. To calculate the sufficient sample size, according to Streiner (2005), the author
needs to sum up the number of paths (2319), the number of exogenous variables (320), and
the number of disturbance terms (13), and multiply by 10. In total, the sample size should
be more than 360 theoretically.
When conducting studies, obtaining a sample size that is sufficient is critical for
mainly two reasons. First, a large sample size is more representative of the university
students’ population, ruling out the impact of outliers and extreme cases. Second, an
appropriately large sample size is also necessary to prove statistically significant
relationships between the variables (Patel, Doku, & Tennakoon 2003). Sample size is not
sufficient in this study, which is a major problem in terms of showing significantly
different relationships between variables.
Moreover, the surveys were only sent out in the College of Architecture, Arts and
Humanities, where most students major in the humanities or social sciences (86%). The
sample selection is potentially biased. There is an oversampling of humanities, social
science majors, and graduate students. The author did not weight the sample according to
the university population characteristics, and it could have been best to weight the data.

19
20

When calculate the number of the path, the author assume all the modes as one dependent variable.
Include travel distance, other exercise time, and high school GPA.

66

The author conducted the survey in early spring, when it could be cold. Certain
students might not bike or walk to school during that season.

5.2 Reliability of Self-Report Response
The data, especially the GPA data, obtained from the survey is self-reported, which
may decrease the validity of the study since students might tend to give higher scores than
they actually have. Social time, study time, and parking time are difficult to recall and
measure, students may exaggerate the length of study time, and especially might complain
about parking service by exaggerating the parking time.

5.3 Model
Though path analysis is a powerful statistic tool, it has been suggested not to use
path analysis to draw two-direction paths between variables. Otherwise the results could
be potentially incorrect (Streiner, 2005). The model in this study should have had twodirection paths (such as social time and study time), however, the author only drew onedirection paths in the model. Path analysis can be used to determine whether the data are
consistent with the model, however it cannot be used to tell whether a specific model is
correct.

5.4 Characteristics Not Captured in This Study
In this study, there are many variables not captured, such as the students’
background, the education level and income of their parents, their fondness for their
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major, their effective study time, their health condition etc. These characteristics are
important control variables, but they are difficult to gather in a survey.
This study was conducted at only one campus. The author wonders if the results
would be different in urban campuses or other rural campuses.

5.5 Reverse Causality
Is GPA a cause or an effect? In this study, the author hypothesizes that all the
independent variables cause GPA.

However, it is possible that GPA causes other

variables. For example, in the study, the author assumes that students studying longer
would have a higher GPA, but the question is which causes which? Students receiving a
higher GPA may be more likely to study longer as a habit. Additionally, it could be a twoway causal relationship or, sometimes, a loop.
Similar reverse causality might exist for other exercise time and BMI. Students
who exercise more in a week would have a lower BMI, whereas students having a lower
BMI would probably exercise more than overweight counterparts since overweight
students would find exercise very tiring. The same is true for stress level and GPA: on
one hand, students feeling stressed would have a lower GPA. On the other hand, generally
students who have a lower GPA would suffer more stress than students receiving a higher
GPA. In this study, social time, other exercise time, and study time create a loop, and it is
hard to determine which causes which.
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CHAPTER VI
IMPLICATIONS
Taken as a whole, these findings have several interesting implications. In this
study, the results show that GPA highly relates to six variables; among them, the most
influential variables are school year, BMI, other exercise time, and late-to-class frequency.
Thinking out the results of this study, graduates may have higher scores because
they are selected as graduate students based on their GPA as bachelors. So it makes sense
grad/undergrad status will affect GPA. In terms of BMI, it is possible that higher BMI
causes lower GPA because the students suffer from obesity and other serious
complications (such as feeling tired a lot of the time, having joint and back pain,
depression and diabetes) and these complication make them harder to achieve a higher
GPA. It is also possible that overweight students have less self-control, which causes them
to do more poorly in school.
The author gives the following suggestions to improve students’ GPA.
6.1 Lowering Overweight Students’ BMI
GPA negatively relates to students’ BMI, which indicates that overweight students
might have worse academic performance than normal weight students. Thus, colleges and
universities seeking to improve students’ GPA might want to consider ways to lower
overweight students’ BMI.
Exercise and a healthy diet have been recommended to help overweight young
adults to lower their BMI (Lowry, et al., 2000).
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For universities, the food served at the university dining halls should include a
wide variety of fresh vegetables, fruits and low-fat food to make it possible for students to
eat healthy (Middleman et al., 1998). One possible strategy would be to have nutrition
educators cooperate with dining services to offer guidance for students about good food
choices (Greaney et al., 2009).
On the other hand, the built environment or the geographic layout of a university
might need to support physical activity. Other urban design strategies might include the
following: 1) make parking on campus more difficult so students will be forced to
walk/bike to class (Greaney et al., 2009); and 2) add more or widen existing bikeways and
sidewalks, since Nelson & Allen (1997) show that extending bikeways and sidewalks can
encourage students to have more physical activity.
A conversation with the campus planners working at the Campus Planning &
Design office of Clemson University, showed that their parking solutions are about travel
demand management, which is designed to reduce the demand for parking. So additional
feasible strategies for Clemson University might be adding more pedestrian signals, and
add more or widen existing bikeways and sidewalks. In fact, the Campus Planning &
Design Office has already made plans to add more bikeways (Campus Bikeways Master
Plan, 2012). Greaney et al. (2009) asked student respondents about what would make them
become more physically active.

A portion of students conveyed that better fitness

facilities would be desirable because of the overcrowded insufficient facilities. Additional
resources that were suggested included having free membership to a gym and a personal
trainer for overweight students. Some students also said that they would be interested in
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becoming more physically active if there were exercise classes in the gym like Pilates and
dancing, while other students stated that additional group events like intramural sports
would also be helpful.
Greaney et al. (2009) also found that male students were more likely to not have
the time to cook and are less likely to pay for healthy food, whereas female students were
more likely to overeat because of stress.
Corresponding strategies are to add fitness facilities or increase students’
awareness of scheduled exercise classes and the opening hours of the gym either through
handouts, the Internet, social media etc. (Greaney et al., 2009) and to encourage students
suffering from stress issues to work with university psychiatrists. Actually, Campus
Planning & Design Office realized the need of students and is designing a new fitness
recreation center located among the on-campus apartments.
Late-to-class frequency due to transportation is negatively correlated with students’
GPA, and late-to-class frequency highly relates to students’ reliability of arriving to
school. Thus, a solution to improve GPA might be increasing the reliability of arriving to
school. Walking is the most reliable mode considering of travel time (see Figure 4-2), as a
result, Clemson University might consider improving the walkability of campus..
As mentioned in “Lower Students’ BMI”, urban design–oriented solutions are
mainly used to promote walking, such as improving the streetscape and promoting mixed
use etc. The result of urban design efforts in general would be a moderate increase in
walking, although arriving by automobile would not necessarily drop (Crane 2000; Ewing
& Cervero 2001, 2010; Joh et al. 2008).
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Crime rates seem to have a strong impact on the attitudes toward walking. If
walking is not safe, fewer people walk, especially females. Female students are less likely
to walk on a unsafe street (Joh, Nguyen, & Boarnet, 2012). Thus, it would possibly be a
good idea to add more streetlights on campus to make sidewalks safer in order to support
walking.

6.2 Increasing On-Campus Apartments
Building more apartments around campus would be a feasible strategy. Students
who bike and walk to school usually live within 1.5 miles of campus (see Table 4-2).
Instead of continuing to pave more surface parking lots to accommodate increasing
enrolled students, there might be other strategies worth pursuing like increasing the
number of on-campus apartments.
Campus Planning & Design Office is preparing plans to provide more on-campus
apartments, tearing down Calhoun Courts and adding around 500 more beds in Douthit
Hills, and increasing the bed/undergraduate rate from 35% to 50%.

6.3 Public Health and Other Implications
Since driving a car stresses drivers (Rissel et al., 2014), switching from driving to
walking might cause a reduction in the negative effect of traffic-related stress of students.
Although this study shows walking does not directly contribute to high GPA,
students can presumably lower their BMI or increase their reliability of travel-time by
walking. If more students walk to school, they would lower their BMI or have a more
reliable school trip than before, thus receiving higher academic scores and being
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competitive in their career(s); and the academic standard of the whole university would
also be improved, thus contributing to a higher academic rank among all the universities.
However, it must be kept in mind that this study found no significant link between mode
and BMI. Further study, especially with a larger sample size, should be undertaken to test
for the possibility of this link.
Healthy and positive behaviors learned at a young age are more likely to be
continued into adulthood, and active individuals have a tendency to attain longer life
expectancy less active ones (Lee, Blair, & Jackson, 1999;). Encouraging walking can help
students keep a lifelong beneficial habit.
In addition, by encouraging walking and reducing private vehicle trips, universities
can benefit the environment by reducing pollution emissions. Additionally, they could
decrease traffic congestion and crashes (Litman, 2003).
In addition, these steps may facilitate an efficient, high-quality transportation
service for Clemson University, providing students, faculty and staff with a safe and
beneficial environment.
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CHAPTER VII
FURTHER STUDY
This study identified the need for future research on effectively improving
students’ academic achievement through promoting walking, biking, and carpooling.
In the further study, if the author can have a larger sample size (n>360),
statistically significance might show up more. A larger sample size forms a better picture
for analysis. Moreover, if the same study could be conducted at more universities (both
rural campuses and urban campuses), the author would be better able to generalize these
findings to other campuses.
If the author could survey about more factors including the education level and
income of students’ parents, students’ fondness for their major, and self-motivation,
effective study time, health condition etc., this would help to identify significant
correlations by controlling for additional variables.
Surveying current and incoming students about their needs and expectations of the
walkability of campus would help schools to make better strategies for their sidewalk
network.
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CHAPTER VIII
CONCLUSION

This study found that travel behavior may affect students’ academic performance
through various factors. Only carpool, late-to-class frequency because of transportation,
reliability of travel-time are significantly associated with GPA, whereas other travel
behavior (travel modes excluding carpool, travel distance, travel time) are found to have
little association with GPA
The university is a large trip generator, and it could shape students’ health
conditions. Altering the built environment and transportation policies of the university
could play an important role in increasing students’ academic achievement and enhancing
their physical health.
Several effective strategies for universities are listed as below to promote students’
reliability of travel-time, reduce overweight students’ BMI, and decrease the frequency of
being late to class for students:

1) Provide additional number of apartments near campus;
2) Add to the number of the bikeways and sidewalks;
3) Provide more fitness facilities or exercise classes;
4) Offer healthier food in the dining hall.
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Appendix A
Survey of Travel Behavior and Academic Performance

1. What is your gender?
A. Female
B. Male
2. What is your major?
A. Humanities (Arts, English, History, Languages, Philosophy, etc.)
B. Social Science (Communication, Economics, Education, Political Science,
Psychology, Sociology etc.)
C. Natural Science (Biology, Chemistry, Physics, Mathematics, etc.)
D. Engineering
E. Business
3. What is your year of study at Clemson University?
A. Freshman
B. Sophomore
C. Junior
D. Senior
E. Graduate Student
4. On a typical day, how do you get to campus?
A. Driving alone
B. Carpool
C. Walking
D. Biking
E. Transit (such as CAT bus, Aspen, and High Point, etc.)
F. Moped/Motorcycle
5. On a typical day, about how long does it take to get from where you live to your final
destination on campus?
A. 5 minutes or less
B. 5-10 minutes
C. 10 -15 minutes
D. 15-20 minutes
E. 20-30 minutes
F. 30-50 minutes
G. Over 50 minutes
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6. How far away do you live from campus?
A. On Campus
B. Within 1 mile
C. 1 to 2 miles
D. 2 to 5 miles
E. 5 to 10 miles
F. 10 to 20 miles
G. More than 20 miles
7. How many hours do you spend socializing per week (hanging out with friends, at
parties or clubs)?
A. Under 5 hours
B. 5 to 10 hours
C. 10 to 20 hours
D. 20 to 30 hours
E. Over 30 hours
8. Outside of time spent in classes, about how many hours do you study per week?
A. 0 to 5 hours
B. 5 to 10 hours
C. 10 to 15 hours
D. 15 to 20 hours
E. 20 to 30 hours
F. 30 to 40 hours
G. 40 to 50 hours
H. 50 to 60 hours
I. Over 60 hours
9. What is your height ________?
weight (LB)_________?
10. In a typical day, how many minutes of exercise do you get from your trips to school
(such as walking from the parking lot to the building you are going to, walking from
your apartment to the transit stop and from the transit stop to the building, or walking
or biking to campus)?
A. Under 5 minutes
B. 5 to 10 minutes
C. 10 to 20 minutes
D. 20 to 30 minutes
E. 30 to 50 minutes
F. Over 50 minutes
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11. In a typical school week, how many hours do you exercise excluding exercise you get
from your trip to school?
A. None
B. More than none but less than 1 hour
C. 1-2 hours
D. 2-3 hours
E. 3-5 hours
F. 5-10 hours
G. Over 10 hours
12. How often are you late for class because of parking? (This question only show up
when Question 4 has an answer of “drive alone”)
A. Never
B. Rarely
C. Sometimes
D. Often
If you take a bus to school, how often are you late for class because transit is not on
time? (This question only show up when Question 4 has an answer of “transit”)
A. Never
B. Rarely
C. Sometimes
D. Often
If you carpool with other student(s), how often are you late for class because of the
time waiting for your partner? (This question only show up when Question 4 has an
answer of “carpool”)
A. Never
B. Rarely
C. Sometimes
D. Often
13. Is your travel time to school reliable? Does your trip to school usually take the amount
of time you expect, or does it differ from day to day?
A. Very unreliable-my trip time to school varies a lot; it often takes 10 minutes more
or less than usual.
B. Often unreliable-many days my trip takes more than 5 minutes more or less than
usual, and sometimes 10 minutes more or less than usual.
C. Sometimes unreliable-my trip usually takes the usual amount of time but
sometimes it can vary by more than five minutes longer or shorter.
D. Very reliable-I almost always arrive within a couple of minutes of the usual
amount of time the trip takes.

79

14. Are you stressed about deadlines and commitments from the university?
A. Not at all
B. A little
C. Some
D. A lot
15. What is your overall GPA?
_______________________
16. What was your GPA in high school?
_________________________
17. What was your combined SAT score (verbal and math)?_________
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Appendix B
Online Questionnaire Responses
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